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INCREASED EPIDERMAL DEOXYRIBONUCLEASE I ACTIVITY
AFTER CLIPPING OR PLUCKING OF HAIR AND DURING
WOUND HEALING*
JOSEPH TABACHNICK, PH.D., JEROME S. PERLISH, M.A., RICHARD M.
FREED, B.A. AND LAN FEN ClANG, M.S.
The clipping and shaving of the hair (fur) of
rodents prior to studies of the epidermis are
usually considered innocuous procedures. This
was found not to be the case during recent stud-
ies of the effects of beta-irradiation on deoxy-
ribonuclease (DNase) activity in albino guinea
pig epidermis (1). In this work, higher levels
of epidermal DNase I consistently appeared in
areas clipped several days prior to death (LN
in Fig. 1 of Ref. 1). In order to investigate this
phenomenon in greater detail, a time-course
study was conducted of alterations in enzymatic
activity of DNase I and DNase II after clipping
and after more severe trauma to the skin.
METHODS
Female albino guinea pigs (500 to 900 gm) were
injected with sodium pentobarbital, and in one
flank the hair was closely clipped with an electric
shaver or plucked by hand. At selected intervals
animals were killed with ether and hair was plucked
or clipped from the opposite flanks to serve as con-
trols. The skin was removed and the epidermis (ca.
150 mg) was peeled and scraped from it as pre-
viously described (1, 2). Formalin-fixed sections
were stained with hematoxylin and eosin. DNase
of the interstitial compartment and/or that of the
anuclear dead cells of the stratum corneum was ob-
tained from excised epidermis by washing and cen-
trifuging at 60 C in three changes of 025 M sucrose
(final volume, Ca. 2—3 ml) (2). About 85% or more
of extracellular DNase is thus removed and 35 to
50% of total epidermal DNases I and II are in the
wash fluid. The washed tissue was homogenized
(10% homogenate) and specific activity (units per
mg protein of washed epidermis) of extracellular
and intracellular DNases I and II were determined
as previously described (2). Assays of epidermal
DNase concentrations of adjacent areas of un-
treated skin had a coefficient of variation of 20%
(1).
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RESULTS
Effect of Plucking or Clipping the Hair
Plucking or clipping of hair had no significant
effect on DNase II activity and its assay was
discontinued. There was no grossly visible in-
flammatory response after clipping, but pluck-
ing an area of about 25 square cm produced an
immediate erythema, evident up to 24 hours.
Twenty-four hours after clipping, there was a
slight increase in extracellular DNase I, which
continued to rise, reaching a peak about 2.5
times the control by the 6th day (Fig. 1). It
then approached the normal level, but did not
reach it by the 10th day. Plucking resulted in
a significant increase in extracellular epidermal
DNase I, beginning about 24 hours after treat-
ment, reaching a peak about 7 times the control
level by the 6th day and returning to slightly
above the normal level after 3 weeks (Fig. 1).
There was a two-fold increase in intracellular
DNase I by the 6th day (Fig. 2). After clipping
there was a slightly lower increment by the 10th
day.
Changes in Epidermal DNase I Activity
After Slight or Severe Skin Injury
In order to determine whether increased epi-
dermal DNase I activity is also associated with
other types of trauma, hair was clipped from
the flanks and a single application of xylene
was made to one flank while the other served
as control. Erythema was evident within 30
seconds and remained visible up to the 3rd day,
by which time the treated area was edematous
in some animals. Extracellular epidermal DNase
I rose to twice the control level by the 3rd hour
after treatment and remained at this level up
to the 3rd day—the limit of our observations
(Fig. 3). In another group of animals, a 25
square cm area of clipped skin was lightly
scratched in a cross-hatched pattern with the
point of a Bard-Parker No. 11 blade. Within
minutes there was slight reddening. A 60% in-
crease in extracellular epidermal DNase I oc-
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Fio. 3. Time-course of changes in activity of ex-
tracellular epidermal DNase I after painting of
skin with xylene (closed circles) or scratching with
the point of a scalpel. Average of 2 animals at each
interval.
amounts of DNase I activity could be detected
in excised control dermis freed of epidermis and
this level did not increase after the various
treatments.
Histologic Changes*
There was no histologic evidence of injury after
clipping. Slight epidermal thickening occurred by
the 3rd day after plucking which increased by
about one additional cellular layer by the 6th day.
Hair follicle cells showed some increased activity
by the 3rd day and the keratohyalin granules ap-
peared more conspicuous beneath the stratum cor-
neum. Growth of new hair was evident beginning
about the 6th day, but there was no histologic evi-
dence of inflammation or tissue necrosis.
One hour after xylene treatment, epidermal cell
nuclei showed karyorhexis and some karyolysis and
many appeared pyknotic, The dermis showed capil-
lary dilatation with early cellular infiltration. By 3
hours, a cellular infiltrate of PMN cells was evi-
dent immediately beneath the epidermis. After 24
hours, basal layer cells were hypertrophic; by the
3rd day the upper layer of dead cells were slough-
ing off and beneath it was a hyperplasia of epider-
mal cells. The epidermis of the scratched skin
healed, as described by Viziam, et al (3). By the
1st day the epidermis beneath the wound was hy-
pertrophic. Some PMN cells were seen in the
sloughing wound. Two days later, a hyperplastic
epidermis replaced the sloughing tissue and by the
6th day there was little evidence of the wound.
Effect of Plucking Hair on Rat Epidermal
DNase I Activity
The ratio of DNase I to DNase II in guinea
pig epidermis is about 1.00 (2) ; iii contrast, rat
and human epidermis contain high levels of
* We are indebted to Dr. Irving Young of the
Department of Pathology for examination and in-
terpretation of the histologic changes.
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curred by the 3rd day and rose to about 2.5
times the control by the 6th day (Fig. 3). No
significant alterations in intracellular DNase I
occurred after either treatment. Only trace
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Fia. 1. Time-course of changes in activity of
extracellular epidermal DNase I after clipping
(open circles) or plucking (closed circles) of hair.
Vertical bars are standard errors of the mean for
3 to 5 animals at each interval. Ordinate values
calculated from arbitrary units in 025 M sucrose
wash (see methods) per mg protein of washed
epidermis.
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Pro. 2. Time-course of changes in activity of
epidermal intracellular DNase I after clipping or
plucking of hair. Vertical bars as for Fig. 1.
Ordinate values calculated from specific activity in
homogenates of washed epidermis.
INCREASED EPIDERMAL DNASE I AFTER SKIN TRAUMA 557
TABLE I
Changes in activity of epidermal DNase I after 8 days storage of excised guinea pig skin
in a moist chamber at room temperature (18°—2fd°C)
Epidermis from
0.25 M sucrose-wash
from excised epidermis
Washed Tissue
(Intracellular)
%
Change
0' times
Sp. Activity
%
Change
0' time
Sp. Activity
Back
Flank
Abdomen
+22 (5—54)
+40 (11—66)
+38 (18—73)
0.19 (0.15—0.22)
0.34 (0.18—0.54)
0.48 (0.20—0.82)
—25 (—20—33)
—30 (—20—46)
—39 (+18 to —41)
0.48 (0.44—0.54)
0.66 (0.48—0.83)
0.96 (0.70—1.23)
Mean for 4 animals; ranges in parentheses.
* Arbitrary units per mg protein of washed epidermis (2), indicating the increasing levels of initial
DNase I activity in guinea pig epidermis as one proceeds from the back to abdomen.
DNase II and only traces of DNase I (4). The
epidermal DNase I content of albino Wistar rats
is about 25% of that in guinea pigs. Six day
after plucking of hair from the upper back in
3 of 5 male albino Wistar rats (270—470 gm),
there was about a 4-fold increase (range, 2.68
to 5.90) in extracellular epidermal DNase I.
One animal showed a 19-fold increase and one,
no significant change. There was an average
2-fold increase in intracellular DNase I (range,
1.31—2.60) in 4 animals and a 35% decrease in
the fifth. Clipping had no effect on the DNase
I activity of rat epidermis.
Effect of Epidermal Cell Death and
Autolysis on DNase I Activity
In order to determine whether autolyzing
dead epidermal cells release sufficient DNase I
to account for the observed increased activity,
hair was plucked from the right half of the ani-
mal 15 minutes before death and from the left,
immediately after death; the skin was tacked to
a cork board and placed in a moist chamber at
room temperature or in the ice box at 5° C.
Starting from the back, longitudinal strips of
epidermis, about 2 centimeters wide, were peeled
on successive days up to the 5th day. It was
assumed that enzyme concentrations were fairly
uniform between back and abdominal epidermis.
However, after about 10 animals had been as-
sayed, it was evident that there was about a
two-fold difference between these two areas (Ta-
ble I) and no definitive answer regarding the
enzymatic changes was found. No significant
difference in epidermal DNase I activity was
apparent between areas from which hair had
been plucked immediately before or after death;
nor were there any differences from the control
when the hair remained on the stored excised
skin and was plucked immediately before re-
moving epidermis. Increase in pyknotic nuclei
was evident by the 1st day in skins kept at room
temperature and their number accounted for
90—100% of the cells at the 3rd day, at which
time, in the majority of animals, the cells of
the Malpighian layers in some areas were swol-
len, with clear cytoplasm and shrunken nuclei.
Epidermis stored at 5° C appeared normal until
about the 5th day, when some increase in pykno-
sis was evident.
To investigate autolytic effects in a more di-
rect manner, hair was plucked from the entire
body surface immediately after death and epi-
dermis (ca. 150 mg) was removed from excised
skin of the back, flank and abdominal areas at
"0" time and after 3 days' storage at room
temperature in a moist chamber. The moisture
content of epidermis increased from 65% to
75% during storage. The specific activities from
contralateral areas were averaged and the re-
sults for 4 animals are presented in Table I.
After autolysis at room temperature, one might
have anticipated an increase in DNase II (acid
DNase) activity, a lysosomal enzyme, but it re-
mained unaltered (not shown in Table I). The
DNase I in the 0.25 M sucrose wash from dorsal
epidermis increased about 22% and there was
about a 40% increase in the amount of enzyme
removed in washings from flank and abdominal
epidermis after 3 days' storage of excised skin.
In contrast to the in vivo experiments (Fig. 2),
in which intracellular DNase I increased or re-
mained unaltered, there was a decrease in intra-
cellular enzyme, suggesting that enzyme was
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leached out from dead cells by the 0.25 M su-
crose wash. There was no significant decrease in
protein content per mg dry weight in epidermis
from the three areas and the DNA per mg
protein remained unaltered in the dorsal and
flank epidermis and decreased only 15% in ab-
dominal epidermis, despite the increased number
of pyknotic nuclei evident by this interval.
DISCUSSION
Increased activity of extracellular epidermal
DNase I occurs in guinea pig or rat skin that
is subjected to mild or severe inflammatory re-
actions. After clipping or plucking the hair, there
is a progressive increase detectable well before
any histologic evidence of injury, reaching its
peak at the first microscopically visible sign of
hair regrowth (6—10 days). After beta irraclia-
tion (1) this peak occurs when hyperplasia is
first evident (10—15 days).
Although there was no gross or histologic evi-
dence of inflammation after clipping, an increase
in dermal vascular permeability has been re-
ported after shaving of fur (5). Others have re-
ported that clipping of guinea pig hair produces
a precocious regrowth of hair (6). Cavies were
selected for our radiation experiments (1) since
they have a mosaic type of hair growth, similar
to that of man; and are unlike rats, mice or
rabbits which have a recurrent cycle, accompa-
nied by epidermal thickening. Each individual
guinea pig hair has its own cycle independent of
the others, and about 80% of flank hair in the
adult is in a quiescent stage (telogen) (6, 7).
Plucking of hair initiates a new cycle of hair
growth.
In an extensive histochemical study of deep
wounds to guinea pig skin, Raekallio (8) re-
ported increases in aminopeptidase and acid
phosphatase activities, a little beyond the wound
edge (peripheral zone) in the dermis, 2—4 hours
after wounding and 12—30 hours before the
appearance of a distinct leukocytic zone. In our
experiments, only trace amounts of DNase I
activity could be detected in 0.25 M sucrose ex-
tracts of control or inflammed dermis.
In normal cavies, DNase I can be readily
washed from the skin surface or hair (9), and
its concentration in epidermis is exceeded only
by the pancreas (2). This high normal level, and
its early progressive increase in epidermis after
slight or severe skin trauma, raises the question
as to its origin and the mechanism for the in-
crease. There is histologic evidence which sug-
gests that the extracellular enzyme originates
either in the epidermal cells or in the blood, or
both. Extracellular DNase I activity increased
to about 6 times the control level in regenerat-
ing epidermis 10—30 days after 3000 rep beta-
irradiation, at a time when the majority of
sebaceous glands and hair follicles have atro-
phied or completely disappeared (1). In sup-
port of the view that the major source of
extracellular epidermal DNase I is the epidermal
cells, we have the following: (a) PMN cells
or fibroblasts can be ruled out as a possible
source, since they are absent, or present only in
small number after plucking or clipping or dur-
ing the early stages of radiation injury when a
significant increase in the enzyme has already
occurred. (b) Only traces of DNase I can be
detected in normal or injured dermis. Biochemi-
cal and histoehemical studies indicate that the
DNase activity is localized in the epidermal
layer of guinea pig (2), rat (10), mouse (10) and
human skin (4). Daoust and Amano (10) report
that the DNase activity of the Malpighian layer
of cells in rat and mouse epidermis is localized
in the perinuclear region. (c) Only trace amounts
of DNase activity can be detected in guinea
pig plasma or serum (2).
The data in Table I suggest that in the intact
animal, some of the extracellular enzyme may
be released from epidermal cells undergoing
keratinization, but these cannot be a major
source of the increment induced by skin trauma,
since this type of cell (dead or dying), even
when comprising 90—100% of the population,
will account for only about a 30—70% rise (Ta-
ble I). The two to seven-fold increase observed
after an acute inflammatory reaction (Figs. 1
and 3) occurs only in the injured skin of the
intact animal.
There is additional, indirect evidence to sug-
gest that dead cells or epidermal cells with in-
creased membrane permeability are not con-
tributing significantly to the DNase increment
after skin trauma; if they were, one would ex-
pect a decrease in intracellular DNase I as the
enzyme is leached from these cells with 0.25 M
sucrose (Table I). The fact that in vivo intra-
cellular epidermal DNase I increased slightly or
remained unchanged after the various treatments
(Fig. 2), suggests that the increment in extra-
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cellular enzyme is the result of either increased
synthesis or, more likely, destruction of inhibitor.
The autolysis data (Table I) and other con-
siderations strongly suggest that extracellular
epidermal DNase I is primarily of humoral ori-
gin. Intracellular epidermal DNase i is not
solubiized by the procedures commonly used
to release hydrolases from lysosomes or other
cytoplasmic organelles (unpublished data). Ina-
bility to detect DNase I activity in guinea pig
plasma, serum or injured dermis may be due to
the presence of a specific inhibitor. A heat-labile
protein inhibitor, bound to DNase i is present
in the serum and viscera of many mammals (11—
15), and has been partially purified from calf
spleen (15). In normal skin, inhibitor-bound
DNase I probably diffuses from peripheral capil-
laries into the epidermis along with other plasma
proteins and the inhibitor is ultimately inacti-
vated or destroyed, perhaps by epidermal pro-
teinases, thus releasing the enzyme. The types
of skin trauma studied produced an immediate
hyperemia and, with the exception of clipping,
there was a readily visible erythema which pre-
ceded the rise in DNase I activity. An increase
in vascular permeability is commonly associated
with an acute inflammation and has been ob-
served after shaving of fur (5). The plasma
protein content of guinea pig epidermis in-
creased as early as 3 hours after 3000 rep beta-
irradiation (16) and a leakage of blood serum
proteins occurred within minutes in rat skin
after xylene treatment (17).
The increase in epidermal DNase I activity
appears to be associated with epidermal cell
proliferation rather than necrosis. Two of the
types of trauma studied, clipping and plucking
of hair, are a stimuli to epidermal cell prolifera-
tion causing little or no necrosis. With the other
injuries, the peak increase occurred during epi-
dermal regeneration and repair. It remains to
be determined whether the heightened DNase
I activity in the interstitial compartment of the
hyperplastic epidermis plays a part in initiating
the increased cell proliferation or merely ac-
companies the increase in blood nutrients and
other factors supplied to the regenerating tissue.
SUMMARY
An increase in extracellular epidermal DNase
I occurs after slight to severe trauma to skin
and appears to be generally associated with an
inflammatory response including epidermal cell
proliferation, rather than cell death. It precedes
or accompanies the epidermal hyperplasia which
occurs during healing of superficial wounds and
regrowth of hair. it is suggested that extra-
cellular epidermal DNase I is primarily of hu-
moral origin and its increase after skin trauma
results from increased vascular permeability and
diffusion of a DNase I-inhibitor complex into
the epidermis where the inhibitor is ultimately
inactivated or destroyed.
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